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290a Monday, March 7, 2011knockdown of calumenin enhanced Ca2þ cycling in the SR (Sahoo et al.,
(2009) J. Biol.Chem. 284, 31109-31121). To identify the molecular mechanism
behind the enhanced Ca2þ release in calumenin knockdown cells, we investi-
gated the role of calumenin on RyR2-mediated Ca2þ release. Using immunpre-
cipitation assay we found that calumenin interacts with RyR2 in mouse heart
and calumenin and RyR2 are co-localized in cardiomyocytes. GST-pull
down assay of calumenin deletion fragments and GST-RyR2 intra-luminal
loops suggested that the 132-222 amino acid region of calumenin and RyR2-
Loop I (4520-4577 amino acids) are the major binding partners. Knockdown
of calumenin enhanced the binding of ryanodine in calumenin knockdown
HL-1 cells, as depicted by [3H]ryanodine binding assay. Single channel record-
ings of RyR2 in rat cardiac SR showed that addition of purified GST-calumenin
or GST-calumenin-B (132-222 amino acid) to the trans side of the lipid bilayer
decreased open probability of RyR2 channels. Taken together, the present
results show that calumenin inhibits RyR2 activity in cardiomyocytes by a di-
rect interaction with RyR2. Supported by Korea NRF Grant (2010-0002159),
GIST Systems Biology Infrastructure Establishment Grant (2010) and
KISTI-KREONET (2010).
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Calcium Stored in the Sarcoplasmic Reticulum Acts as a Safety Mecha-
nism in Fish Heart
Caroline Cros, Laurent Salle, Daniel Warren, Holly Shiels, Fabien Brette.
Cardiac contraction is mediated by a transient increase in calcium ([Ca]) inside
the cytoplasm. In mammalian cardiomyocytes most of the calcium for cardiac
contraction is from the calcium stored in the sarcoplasmic reticulum (SR). In
fish cardiomyocytes, the relative contribution of calcium coming from the ex-
tracellular space versus SR is not clear. This study addresses this point. Trout
ventricular myocytes were enzymatically isolated. Calcium current (ICa) was
recorded using the patch clamp technique. Using different calcium buffers, in-
activation of ICa was used as an index of SR calcium release. [Ca] was also
recorded using fura-2 AM. With a slow Ca buffer (EGTA 2mM in the pipette
solution), ICa inactivated slowly: the time to reach 37% of peak current (T37)
was 27.151.8 ms (n=37). With a fast Ca buffer (BAPTA 10 mM), ICa decay
was similar to the decay in the presence of EGTA (T37: 30.352.4 ms, n=20).
In contrast, during beta-adrenergic stimulation, inactivation of ICa in the pres-
ence of EGTA (T37: 11.651.7 ms, n =18) was significantly faster than in
presence of BAPTA (T37: 27.351.6 ms, n=12), indicating the presence of
SR calcium release. [Ca] during electrical field stimulation was significantly
larger during beta-adrenergic stimulation compare to control condition
(Fura-2, F340/380= 0.02650.005 RU versus 0.04650.010 RU, n=10 and 10
respectively). Caffeine-induced transients (an index of SR calcium load)
indicate that a small, but significant, increase in [Ca] in the cytoplasm was
present after beta-adrenergic stimulation (F340/380= 0.08050.022 RU control
versus 0.11250.028 RU beta-adrenergic stimulation, n=10 and 10 respec-
tively). At rest, fish cardiomyocytes are not using calcium stored in the
SR. However, during a stress calcium from the SR plays an important role in
cardiac contraction.
Supported by the Wellcome Trust.
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Changes of SERCA Activity have Proportionately Smaller Effects on Sar-
coplasmic Reticulum Calcium Content
Elizabeth F. Bode, Sarah J. Briston, Andrew W. Trafford, David A. Eisner.
The sarcoplasmic reticulum (SR) provides the majority of calcium to the sys-
tolic calcium transient. It is this rise in intracellular calcium that causes cardiac
systole. The SR is, therefore, important for maintaining cardiac contractility.
SR calcium content ([Ca]SR) is replenished by the sacro(endo)plasmic reticu-
lum calcium ATP-ase (SERCA). It might be expected that reducing SERCA
activity would result in an equally decreased [Ca]SR, impairing contractility.
However, Andersson et al. (J. Mol. Cell. Cardiol. 47, 180-7) have shown, in
a SERCA2 knock-out mouse model, that reduction of cardiac SERCA2 expres-
sion to 5 % of control levels only decreased SR calcium to 38 % of control. We
now investigate how acute changes to SERCA activity affect [Ca]SR in the nor-
mal ventricular myocyte. Single isolated rat ventricular myocytes were used
and intracellular calcium concentration measured with fluo-5. Experiments
were performed at 37 C, using the perforated patch technique. Systolic cal-
cium transients were evoked with depolarizing pulses. SERCA activity was
quantified from the rate constant of decay of the calcium transient and
[Ca]SR from the integral of the caffeine-evoked Na-Ca exchange current. 1
mmol/l thapsigargin was applied to the cell to slow SERCA activity to varying
levels. We found that [Ca]SR was proportional to (SERCA activity)
1/m where
the mean value for m was 3.55. This relationship can be accounted for by the
fact that calcium efflux from the SR is a steep function of SR calcium. A de-
crease in SERCA activity will decrease [Ca]SR and even a small reduction of
SR calcium will lower calcium release to balance uptake.1576-Pos Board B486
The Cytosolic Protein Kinase CK2 is the Physiological Cardiac Calseques-
trin Kinase
Timothy P. McFarland, Naama H. Sleiman, Steven E. Cala.
The luminal sarcoplasmic reticulum (SR) protein cardiac calsequestrin (CSQ2)
contains phosphate on roughly half of its cardiac-specific C-terminal serines.
CSQ2 kinase has been assumed to be protein kinase CK2 despite its being
only cytoplasmic and nuclear. In CSQ2 from heart tissue, phosphate distribu-
tion differs among CSQ2 molecules depending upon how far CSQ2 has traf-
ficked through the cardiac secretory pathway, with the more recently
synthesized containing the most phosphate. To establish the identity of
CSQ2 kinase as protein kinase CK2, specific inhibitors of CK2 were used
along with RNAi. In vitro, tetrabromocinammic acid (TBCA, 100 mM) in-
hibited CSQ2 kinase and CK2 activities by about 85% at equal concentrations.
In intact cultured primary adult rat cardiomyocytes and in COS cells, 24 h of
TBCA (100 mM) treatment produced a 75% decrease in phosphorylation of
CSQ2. To further confirm the identity of CSQ2 kinase as protein kinase
CK2, CK2a and CK2a0 subunits were down-regulated which led to a 90% de-
crease in their protein levels. CSQ2 kinase activity in the same cells was re-
duced by 50%. CSQ2 protein expressed in CK2-silenced cells showed
reduced phosphate. These findings suggest that cytosolic CK2 phosphorylates
luminalCSQ2, a reaction expected to occur only during nascent protein trans-
location. CSQ2 phosphorylation site mutants analyzed in COS cells, had their
characteristic rough ER form CSQ2 glycan (GlcNAc2Man9,8) undergo
phosphorylation-site dependent processing such that CSQ2-nonPP (Ser to
Ala mutant) and CSQ2-mimPP (Ser to Glu mutant) produced apparent lesser
and greater levels of ER retention, respectively. Our data support a hypothesis
whereby CK2 is able to phosphorylate CSQ2 co-translationally at biosynthetic
sites in rough ER, leading to changes in its trafficking through the secretory
pathway.
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Multivalent Cation Regulation of Cardiac Calsequestrin: A Spectroscopic
and Electrophysiological Study
Jingui Zhu, Heather Orrell, Ariel L. Escobar.
Cardiac calsequestrin (CASQ2) is the major Ca2þ binding protein in the sarco-
plasmic reticulum. It acts as Ca2þ buffer and can putatively regulate the RyR2
channel. To test this latter possibility we performed experiments to evaluate
cationic binding, conformational changes and polymerization of CASQ2 and
its relationship with luminal activation of single RyR2. LRET between the in-
trinsic tryptophans of recombinant canine CASQ2 (cCSQc) and terbium (Tb3þ)
bound to cCSQc was used as an assay to evaluate binding. Furthermore, the
displacement of Tb3þ by Ca2þ/Mg2þ was used to estimate the binding proper-
ties of Ca2þ/Mg2þ. The specificity of the binding reaction was assessed by
using either cCSQc with ECFP or EYFP fused at the carboxyl terminus
(cCSQcECFP/cCSQcEYFP) or cCSQc labeled with an Alexa maleimide
(AF488 or AF532) through the intrinsic Cys34 (AF488-cCSQc/AF532-
cCSQc). Although these modified proteins display a faster relaxation lifetime
than cCSQc, no changes in the Tb3þ affinity were observed. The cCSQc con-
formational changes induced by multivalent cations (MC) were monitored by
steady-state FRET and lifetime FRET between ECFP and AF532 using
AF532-cCSQcECFP and LRET between Tb maleimide (TbM) and EYFP using
TbM-cCSQcEYFP. These MC can not only bind to cCSQc but can induce
a conformational change as well. Polymerization of cCSQc, assessed by life-
time LRET measurements between cCSQc monomers labeled with TbM or
Alexa dyes, was also induced by MC. Tb3þ regulation of RyR2 through
CASQ2 was evaluated by incorporating microsomes from WT and CASQ2-
KO mouse hearts in planar lipid bilayers. Luminal Tb3þ dramatically activated
RyR2 from WT animals but not from CSQ2-KO mice. Single RyR2 currents
were not modified, indicating no feed-through activation. Finally, these results
support the hypothesis that CASQ2 is part of the luminal Ca2þ sensor of RyR2
complex. Supported by NIH R01-HL-084487 to AE.
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Paradoxical Loss of Sarcoplasmic Reticulum Calcium Release Refractori-
ness Caused by Overexpressing Calsequestrin in Cardiac Muscle
Dmytro Kryshtal, Bjorn C. Knollmann.
L-type Ca current (ICa) triggers Carelease from the sarcoplasmic reticulum
(SR) by activating RyR2 Ca release channels. Here we probe the role of the
SR protein calsequestrin in the regulation of SR Ca2þ release. Voltage-
clamped cardiomyocytes loaded with Fluo-4 were stimulated with 1 Hz train
(S1 stimuli). Ca2þ release was activated with ICa tail currents to maintain con-
stant trigger. Application of premature extra stimuli (S2) at successively shorter
S1-S2 coupling interval resulted in significant depression of Ca2þ release dur-
ing S2 stimuli in wild-type myocytes. In calsequestrin knockout myocytes
